Abstract Cross-sectional epidemiologic scoliosis screening was carried out to determine the current prevalence of scoliosis in the Korean population and to compare with the results of previous studies. Between 2000 and 2008, 1,134,890 schoolchildren underwent scoliosis screening. The children were divided into two age groups, 10-12-yearolds (elementary school) and 13-14-year-olds (middle school), to calculate age-and sex-specific prevalence rates. Children with a scoliometer reading C5°were referred for radiograms. Two surgeons independently measured curve types, magnitudes, and Risser scores (inter-observer r = 0.964, intra-observer r = 0.978). Yearly and overall prevalence rates of scoliosis were calculated. There were 584,554 boys and 550,336 girls in the sample, with a male to female ratio of 1.1:1. There were 77,910 (6.2%) children (26,824 boys and 51,086 girls) with scoliometer readings [5°, and 37,339 of them had positive results with Cobb angles C10°(positive predictive value, 46.4%). The overall scoliosis prevalence rate was 3.26%; girls had a higher prevalence (4.65%) than boys (1.97%). Prevalence rates increased progressively from 1.66 to 6.17% between 2000 and 2008, with the exception of 2002. According to age and gender, 10-12-year-old girls had the highest scoliosis prevalence rates (5.57%), followed by 13-14-year-old girls (3.90%), 10-12-year-old boys (2.37%), and 13-14-year-old boys (1.42%). In girls and boys, prevalence rates dropped by 64.53 and 60.65% among 10-12-year-olds and 13-14-yearolds, respectively (P = 0.00). The proportion of 10°-19°c urves was 95.25 and 84.45% in boys and girls, respectively; and the proportion of 20°-29°curves was 3.91 and 11.28%, which was a significant difference (P = 0.00). Thoracic curves were the most common (47.59%) followed by thoracolumbar/lumbar (40.10%), double (9.09%), and double thoracic (3.22%) curves. A comparison of the curve patterns revealed significant differences between genders (P = 0.00). We present this report as a guide for studying the prevalence of idiopathic scoliosis in a large population, and the increasing trend in the prevalence of idiopathic scoliosis emphasizes the need for awareness.
Introduction
Screening, as defined by the American Commission on Chronic Illness, is the ''presumptive identification of unrecognized disease or defect by application of tests, examination, or other procedures which can be applied rapidly'' [40] . As resources are limited in many screening programs, it is important that screening for idiopathic scoliosis be targeted at the optimal age group, in whom conservative management, such as bracing, can be instituted to control curve progression and reduce the need for surgery. Early detection by comprehensive screening programs enables early institution of conservative treatment, with the aim of reducing the number of patients with curves reaching a magnitude that requires surgical treatment. Scoliosis screening in schoolchildren has been popularized over the past two decades and is currently carried out in 15 states in the United States and in the Middle East, Sweden, South Africa, and some parts of Japan [9, 24, 28, 36, 42] . School-based screening can be used to identify children who may have scoliosis as well as those who may be at high risk for the disease; however, the screening procedure should not be considered a diagnostic test [41] . Several techniques have been described for the early detection of scoliosis through school-based screening, and the most widely used method is the forward bending test developed by Adams [29, 31, 33] .
Prevalence rates of idiopathic scoliosis vary from 0.35 to 13%, depending on the defined Cobb angles, screening age, and sex [3, 7, 35] . In addition, there are regional and population-based differences in prevalence rates [6, 9, 12, 15, 36] . The influence of geography on human biology is determined by socioeconomic and environmental factors, such as temperature, humidity, and lighting, that are transferred and expressed in human cells by specific mediators [12] . The reported prevalence of adolescent idiopathic scoliosis (AIS) in the literature increases in the northern geographic latitudes and decreases as the latitude approaches the equator [15] .
Although a wide range in the prevalence of AIS in different countries is demonstrated by various reports, there is no study that reports the prevalence of scoliosis in the Korean population. The significance of specifically observing prevalence in the Korean population may not be obvious, but its evaluation is important because it could be related to a factor that contributes to AIS pathogenesis. The objectives of our study were to determine the current prevalence of scoliosis in the Korean population and to compare these results with those of studies in other countries. Data reflecting curve distribution, magnitude, pattern, sex ratio, symptoms, etiology, and family history were examined.
Materials and methods
A 9-year cross-sectional epidemiologic study was performed to determine the prevalence and distribution of various scoliosis parameters in schoolchildren in Korea. From 2000 to 2008, 1,134,890 children were screened for scoliosis in schools in Seoul and Gyeonggi province. There were 584,554 boys and 550,336 girls in the study, with ages ranging from 10 to 14 years. We selected primary (10-12-year-olds) and middle school (13-14-year-old) children for this study, and the schools were randomly selected with no special consideration for geographic or economic representation. However, all screened children were of Korean origin, with the child and both parents having been born in Korea. There were no duplicate screenings of children or schools.
An experienced team of nurses from our institute performed the initial school-based screening. Children who had been previously diagnosed or who were already being managed for scoliosis were also included in the data analysis. Their records were obtained from hospitals and clinics, and their information was included for analysis. Boys and girls were examined separately. The forward bending test was performed with the child bent forward while allowing the upper extremities to hang freely with the palms opposed in a relaxed manner, and the exposed back was viewed from the front as well as from the side. Children who had axial trunk rotation (ATR) of 5°or more on scoliometer were referred to our institute for further evaluation with whole spine anteroposterior (AP) and lateral radiograms [16, 17] . Final diagnoses of scoliosis were based on Cobb angles measured by two observers (HNM, SWS), and further treatment was advised. The inter-observer and intra-observer correlation coefficients of the Cobb angles of the standing AP radiographs were 0.964 and 0.978, respectively. Curve types, magnitudes, and Risser scores were recorded. The parameters were recorded in a spreadsheet (Microsoft Excel).
Using these data, yearly and overall prevalence rates for scoliosis were calculated for all patients. The percentage of children with positive scoliometer (ATR) readings ([5°) and the presence of scoliosis on radiogram, defined as a Cobb angle [10°, was also calculated. All children with scoliosis were divided to define the prevalence rates according to the severity of the curvature. Risser scores were also noted to differentiate the prevalence rates according to Risser staging. We also divided our study population into two age groups, 10-12-year-olds (elementary school children) and 13-14-year-olds (middle school children), to calculate age-and sex-specific prevalence rates. The statistical analysis was performed using a statistical package (SPSS, version 12, Chicago, IL, USA). P values \0.05 were considered statistically significant.
Results
Between 2000 and 2008, 1,134,890 children were screened for scoliosis in Seoul and Gyeonggi province of South Korea. There were 584,554 boys and 550,336 girls in the study, with a male to female ratio of 1.1:1.0. Table 1 provides a detailed description of all enrolled children for each study year. Among all of the children screened for scoliosis, 77,910 children (6.2%), including 26,824 boys and 51,086 girls, had positive scoliometer readings ([5°) on the forward bending test and were referred for radiograms (Table 2 ).
Predictive value of the forward bending test
Of the 77,910 children with a positive forward bending test, 37,339 (46.4%) had positive results on radiograms, with Cobb angles of 10°or more. Thus out of all of the referred children, 53.6% were false positives. The positive predictive value was lower in boys (41%) than girls (51%) in all age groups (Table 2) ; however, this difference was not statistically significant (P = 0.15, Chi-square test).
Prevalence rate
The prevalence rate by gender is shown in Table 3 . The overall prevalence rate of scoliosis in 10-14-year-old schoolchildren (elementary and middle school) with Cobb angles of 10°or more was 3.26%, and girls had a higher prevalence (4.65%) than boys (1.97%). Additionally, one of the interesting findings was that the prevalence rate increased progressively from 1.66 to 6.17% between the years 2000 and 2008, with the exception of 2002, which had a prevalence rate lower than in 2001. Girls had 2.4 times higher prevalence rate than boys in our study. Table 4 explains that there was a similar distribution of Risser stages in both boys and girls in the group with scoliosis of 10°or more (P = 0.99, Chi-square test). Additionally, analysis of the percentage of male and female children with Cobb angles greater than 10°according to the two age groups revealed that 18.49 and 11.20% of boys and 42.78 and 27.52% of girls were in 10-12 and 13-14-year-old groups, respectively (Table 5) . Cobb angles were found to be 12.31 ± 3.37°and 13.16 ± 4.34°in boys in the 10-12-and 13-14-year-old age groups, respectively, and Cobb angles were 13.72 ± 4.80°a nd 15.35 ± 6.08°in girls. Analyses of prevalence rates according to age and gender, showed 10-12-year-old girls had the highest scoliosis prevalence rate of 5.57%, which was followed by 13-14-year-old girls (3.90%), 10-12-yearold boys (2.37%), and 13-14-year-old boys (1.42%). Our results revealed that in both girls and boys in the 10-12-and 13-14-year-old groups, prevalence rates dropped by 64.53 and 60.65%, respectively, which was statistically significant (P = 0.00, Chi-square test).
Curve distribution Table 6 presents the distribution of curvatures in each year for both boys and girls. The groups representing the smallest curves, including the 10°-19°and 20°-29°groups, comprised 89.09 and 9.07% of all of the children (combined 98.16%). Only 1.40 and 0.44% (combined 1.88%) of the children had curves 30°-39°and more than 40°, respectively, requiring treatment in with bracing or surgery. This distributions of curvatures remained similar over the 9-year study period (P = 1.0, ANOVA). For boys and girls, the proportions of 10°-19°curves were 95.25 and 84.45%, respectively, while the proportions of 20°-29°c urves were 3.91 and 11.28%, which was statistically significant (P = 0.00, Chi-square test). Our results showed that there was a higher prevalence of smaller curves in boys than in girls (Table 7 ; Fig. 1 ). Curve pattern Thoracic curves were the most common (47.59%), followed by thoracolumbar/lumbar curves (40.10%), double curves (9.09%), and double thoracic curves (3.22%). Table 8 shows the distribution of curve patterns in all children by year. Among all study participants, 87.69% of had either thoracic or thoracolumbar/lumbar curves. For boys, the proportions of thoracic, thoracolumbar/lumbar, double, and double thoracic curves were 44.06, 49.55, 4.26 and 2.14%, respectively; for girls, the proportions were 49.10, 36.09, 11.10 and 3.71%. Boys had a higher proportion of thoracolumbar/ lumbar curves, while girls had higher proportions of thoracic and double curves ( Table 9 ). The difference between boys and girls in patterns of curve types was statistically significant (P = 0.00, Chi-square test) (Fig. 2) . [38, 43] . In our study, we found a scoliosis prevalence of 3.26% among 1,134,890 schoolchildren, which is similar to previously published reports. However, we believe this is the first study identifying the prevalence rate of scoliosis in such a large population. We carried out this study over a 9-year period using school-based screening, which helped to identify the trends in scoliosis prevalence in the Korean population. Although many studies related have been performed in various populations [4, 8, 12, 13, 17-21, 25, 27, 30, 32, 36, 37, 39, 42, 44-46] , no previous study reported the prevalence of scoliosis in the Korean population. Our study is unique because of the large sample size as well as the 9-year study period, which allowed us to determine trends in the prevalence of scoliosis over time.
Wong et al. [30] suggested that screening of 11-12-and 13-14-year-old girls would identify a significant number who could benefit from treatment of scoliosis. The Scoliosis Research Society has recommended annual screening of all children age 10-14 years; the American Academy of Orthopedic Surgeons has recommended screening girls at the ages of 11 and 13 years and boys age 13 or 14; and the American Academy of Pediatrics has recommended routine screening at ages 10, 12, 14, and 16 years [1, 2] . The Bright Futures guidelines recommend noting the presence of scoliosis during the physical examination of adolescents and children who are at least 8-years-old [14] . The screening tool of choice has been the Adam's forward bending test, which tests for asymmetry via visual inspection [19, 46] . Yawn and Yawn [47] noted that school-based screenings identified some children who went on to receive treatment but referred to many more who did not. The forward bending test is a fast and simple method to detect the presence of minor curvatures in the spine although it may result in false positive rates between 25 and 82%, depending on the screening method and criteria [10, 18, 23, 25, 34, 37, 47] . In our study, a single team of nurses who were experienced at taking ATR readings and performing school-based screenings participated in the initial screening; therefore, possibilities for high falsepositive results were minimized. Our final results showed that the positive predictive value for the forward bending test was 46.4%. Additionally, we used a scoliometer reading of 5°as a cutoff in our screening; however, there are several recommendations that suggest a scoliometer reading of 7°-7.5°as a cutoff point to screen for scoliosis [18] . However, our goal was not to miss even a single case of scoliosis. Therefore, the comparatively higher falsepositive rate in our study is justified. Another advantage of this cutoff was that it was very easy and convenient to use for the nursing staff, and we could screen for children who needed further investigations. Ohtsuka et al. [28] published a study of the prevalence of idiopathic scoliosis in 1.24 million Japanese school children who were screened over a period of 8 years. Using a cutoff Cobb angle of 15°or more, they reported prevalence rates of 1.77 and 0.25% in 13-14-year-old girls and boys, respectively. Another aspect of their study was that they used Moiré topography for screening. However, in our study we found prevalences of 1.87 and 0.72% among girls and boys, respectively, which were higher than their study. Additionally, we found these prevalence rates using a Cobb angle cutoff of 10°or more. This demonstrates that using a Cobb angle of 15°as the cutoff point would have resulted in a significantly lower prevalence rate. Another point of difference is that we used a scoliometer reading on the forward bending test, not the Moiré topography, for our screening. They have reported higher prevalence rates in an urban population; however, we could not explore this difference in our study population, which was comprised of only urban children. In that sense, this is the largest screening study in the urban population.
Although there was a sharp decrease in the prevalence rate from the 10-12-year-old to the 13-14-year-old groups, we did not find any significant differences in the ratio of female to male prevalence rates of idiopathic scoliosis between these two age groups (P = 0.97, Chi-square test). In a school-based screening study, Stirling et al. [11] reported prevalence rates of 0.4 and 2.2% in 9-11-year-old and 12-14-year-old English girls, respectively; the boys had prevalence rates of 0.1 and 0.3% in the two age groups. Soucacos et al. [35] reported a prevalence of 1.7% in a screening of 82,900 9 to 14-year-old Greek schoolchildren during a 1-year prospective study. In a point prevalence survey of 72,699 schoolchildren, Wong et al. [43] noted that the prevalence rates were low in 6-7-and 9-10-year-olds but increased rapidly to 1.37 and 2.22% for 11-12-and 13-14-year-old girls, respectively, suggesting increasing prevalence as age increases between the ages of 7 and 14. In their study of age-and sex-specific prevalence among 29,195 children, Morais et al. [25] also noted that prevalence rates increase between ages 8 and 15, more markedly so for girls than for boys. However, our findings are different than all of the above because our study showed prevalence rates in girls and boys fall from 5.57 and 2.37%, respectively, in 10-12-year-olds to 3.90 and 1.42% in 13-14-year-olds (P \ 0.001). Many authors have described spontaneous correction of curves in the immature spine [3, 10, 23, 34] . However, we cannot apply this theory to our study as it was a cross-sectional study; therefore, none of the patients were followed for a long period to allow observation of the curve in a particular case. We aimed to observe the prevalence rate in different schoolchildren over a period of 9 years. Another interesting finding, in contrast to Ohtsuka et al. [28] , is that we observed a gradual increase in the prevalence of scoliosis from 1.66 to 6.17% between 2000 and 2008, except for the year 2002 which showed a decreased prevalence (Table 3) . However, Ohtsuka et al. found the opposite trend between 1979 and 1986, and they also noted that the urban population had an increased prevalence rate. Our study concentrated only on an urban population, and we think that increasing urbanization and development processes in our city between 2000 and 2008 might have impacted the increasing prevalence of scoliosis. However, the ratio of female to male prevalence rates varied between 1.7:1 and 3.1:1 without showing any trend, which is similar to other published reports [11, 42, 43] . Ranshaw [9] noted that the female to male ratio is 2:1 when the Cobb angle is more than 10°; however, it reaches 5:1 or 6:1 when the Cobb angle is more than 20°. We also agree with their findings, as we observed a ratio of 2.1:1 for 10°-19°curves and 6.2:1 for curves greater than 20°. The scoliosis prevalence was found to be 1.99 and 0.93% in girls and boys, respectively, for Cobb angles 10°-19°and 0.31 and 0.05% for Cobb angles greater than 20° (  Table 7) . Additionally, this ratio further increased to 6.4:1 and 7.4:1 in Cobb angles greater than 30°and 40°, respectively. Notably, the number of children with scoliosis and Cobb angles less than 30°was particularly increased (Tables 6, 7 ). The number of children who required surgical management (Cobb angle [ 40°) was not increased during the study period. Therefore, the rate of scoliosis surgery did not increase proportionately during the same period (National registry information N0447).
Thoracic curves were the most common (47.59%) in this study, followed by thoracolumbar/lumbar curves (40.10%), double curves (9.09%), and double thoracic curves (3.22%). Studies by Wong et al. [43] , Moris et al. [25] , and Brooks et al. [3] showed that thoracolumbar or lumbar curves were more common than thoracic curves. However, another study by Willner and Uden [42] showed that thoracic scoliosis dominated with a rate of 44%, followed by Fig. 2 The distribution of children with scoliosis in girls and boys according to the pattern of the curvature thoracolumbar curves with 32%, in contrast to the findings of other reports. Our findings agreed with this report, as the observed proportion of thoracic scoliosis was 47.59%. We calculated thoracolumbar and lumbar curves together as a single type (King type 5), and perhaps that caused the rate, 40.10%, to be slightly higher than Willner's and Uden's rate. Additionally, when comparing the type of curves between boys and girls, we found that boys had predominantly thoracolumbar/lumbar curves (49.55%), while girls had thoracic curves (49.10%). The difference in patterns of curves between boys and girls was significant (P = 0.00, Chi-square test) ( Table 9 ). This could be reflected by the significant difference in the curve magnitude between boys and girls in our study (P = 0.00, Chi-square test), as 95.25% boys had mild curves (less than 19°) while only 86.45% girls had mild curves.
One important limitation of this study was that it was not a longitudinal study; therefore, we are not able to comment on the spontaneous resolution or progression of curves [3] or the effects of bracing and percentage of subjects receiving operative treatment. Cost effectiveness of scoliosis school-based screening for a large population has also been criticized [5, 26] . However, according to one recent study from Hong Kong performed in a large student population, scoliosis school-based screening proved to be more clinically effective without an obvious increase in expenses when compared with other existing screening protocols [22] . Therefore, we should consider all such points while considering school-based screening. Additionally, it was not possible to study the psychological impact on patients who were diagnosed with clinically minor scoliosis and their parents. We were unable to evaluate how many children had been diagnosed previously or had been previously treated. In a long-term crosssectional study, especially in a large population, we believe it would be difficult to identify all such issues, and long follow-up in a large study group would be difficult due to several reasons, such as drop-out and loss to follow-up. In our study, we avoided such issues by screening one by one in selected schools, and of course, we were careful to screen each child only once. There is only one published study of the prevalence of scoliosis in a large population [28] ; however, that study did not analyze the distribution of curve patterns in the population, which we have successfully analyzed in our study. Therefore, our study presents a further investigation of the unsolved issues regarding the prevalence of idiopathic scoliosis. Additionally we also agree that there was a difference in the numbers of screened children over the years which may act as one of the important confounding factor; however, we observed a trend toward increasing prevalence of idiopathic scoliosis in our study, which underscores the need for awareness among the general population and researchers as well as the policy makers and healthcare providers to initiate further long-term, prospective research to explore possible remedies.
